The paper deduces the functional relation between amplitude of recovery voltage, average rate of recovery voltage of single-phase arc grounding fault and the system parameters. Combining the theoretical results of this paper, the important role of out-of-resonance degree in decreasing the amplitude of arc grounding overvoltage and suppressing arc reignition is explored. Using MATLAB to establish an improved Mayr dynamic arc simulation model to validate correctness and reliability of the conclusions. The conclusions are instructive to the safety and economical operation of distribution network.
Introduction
Distribution system of medium and low voltage is wide and complex, neutral grounding mode of distribution network in China is mainly based on neutral non-effective grounding, such as isolated grounded, neutral earthing via arc extinguishing coil. Neutral non-effective grounding system is also known as low current grounding system. The most frequent faults in the small current grounding system are single-phase grounding faults while most of them are arc-grounded [1] . Therefore, single-phase arc grounding is the main fault form in medium and low voltage distribution network. Single-Phase arc grounding fault can produce serious transient over-voltage in non-fault phase and fault phase, which is known as single-phase arc grounding overvoltage. This overvoltage can be up to 2 ~3.5 times the peak of the phase voltage, it's all over the grid and may be last for several hours, which is very harmful to the insulation of the whole power grid.
Although small current grounding system has many operational experience but the fault of single-phase arc grounding is still serious for distribution network due to its instability, uncertainty and high risk. However, how to effectively restrain the arc grounding overvoltage and eliminate the arc grounding fault is still a problem worthy of concern. The study of arc grounding overvoltage should provide precise theoretical guidance for the characteristics of arc grounding overvoltage under the influence of system parameter variation and prevention work, in order to solve the problem of arc grounding overvoltage in distribution network, ensure the safety and stability of distribution network.
Firstly, the physical process of arc grounding is deduced theoretically in this paper, research on the function relationship between amplitude and system parameters of arc grounding overvoltage. Then the paper deduces the functional relation between the overvoltage amplitude of non-fault-phase, recovery voltage amplitude, recovery voltage average rate of single-phase arc grounding fault and the system parameters. Combining the theoretical results of this paper, the important role of out-of-resonance degree in decreasing the amplitude of arc grounding overvoltage and suppressing arc re-ignition is explored. Using MATLAB to establish an improved Mayr dynamic arc simulation model to validate correctness and reliability of the conclusions. The conclusions are instructive to the safety and economical operation of distribution network. 
Characteristics of Fault
u r :Recovery voltage of fault phase.
u r multiplied by its conjugate quantity then make its modular operation so the we get rb u in formula (5) . (5) Evaluate the value of formula (5) in its first oscillation half-cycle: (6) Formula (6) is substituted into formula (5) to evaluate amplitude of recovery voltage per unit rb m in formula (7).
Assume the damping rate of the resonance grounding grid is 4%, a graph of function drawing formula (7) is shown in Fig. 1 . The figure reflects the function relationship between the amplitude of recovery voltage and the out-of-resonance degree. Apparently when the closer the out-of-resonance degree is to 0, the lower the amplitude of the fault phase recovery voltage is. Many experimental data and actual recorded data of distribution network show that the amplitude of fault phase recovery voltage conforms to the function curve in Fig.1 . According to formula (7), ignoring the effect of system damping rate, The amplitude of fault phase recovery voltage is only related to the out-of-resonance degree, the closer the out-of-resonance degree is to 0, the lower the amplitude of the fault phase recovery voltage is, therefore the less probability of the arc reignition is.
2.2
Recovery voltage average rate of fault phase under the influence of out-of-resonance degree Considering that the arc burning process of distribution network is usually more confirmable with power frequency extinguishing arc theory, meanwhile, the arc reignition often occurs at the peak of the recovery voltage. Therefore, the recovery time required to increase the voltage from 0 to breakdown voltage should satisfy two requirements: firstly, the recovery time is equal to half the power frequency cycle approximately; secondly, arc reignition occurs when recovery voltage gains its peak. According to this, assuming that arc reignition occurs at the last peak of recovery voltage in half a power frequency cycle. The paper utilizes the integer function to calculate the number of peak in half a power frequency cycle under the power frequency extinguishing arc theory, n. Then calculate recovery time r t for recovery voltage.
(8)
Formula (9) is substituted into (5) (10) is made on this basis. (Ordinate based on peak value of phase to phase voltage). Fig. 2 reflects the function relationship between the average rate of recovery voltage and out-of-resonance degree. Apparently the closer the out-of-resonance degree is to 0, the lower the average rate of recovery voltage is, therefore the less probability of the arc reignition is. With the increase of capacitive current, the overvoltage of the non-fault phase arc grounding decreases, and the maximum not exceeding 2.63p.u. Meanwhile, amplitude of recovery voltage remains unchanged, which is the proof of the conclusions in section 2.1. When the capacitive current of system is invariable, with the gradual reduction of out-of-resonance degree, overvoltage of non-fault phase decreases, at the same time, amplitude and average rate of recovery voltage decrease either, which are the proof of the conclusions in section 2.
The curve of the statistical data in table 1 is compared with the function curves in Fig. 1 and Fig.  2 (Taking 50A capacitive current system as an example). According to Fig. 3, Fig. 4 , the simulation results are in great accord with the theoretical values. Therefore, the correctness of the relation between the amplitude of recovery voltage, the average rate of recovery voltage and the function of the out-of-resonance degree proposed in section 2 is verified.
Conclusion and Significance
The simulation results validate the correctness of the theory, that is the functional relationship between the amplitude, average rate of recovery voltage and the out-of-resonance degree in formula (7), (10). The choice of neutral grounding mode of distribution network and the setting of resonance grounding system now can be guided accurately and theoretically through the theory.
